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1. General Considerations.
Solvents and Reagents:
The chemicals and solvents were purchased from commercially available sources and used without further purification. 1-[(2S)-1-Hydroxy-2-butanyl]-2-pyrrolidinone (95% ee) was provided by AbbVie. Deionized water or mixture of deionized water and acetonitrile (with no further purification) was sued for making the solutions for voltammetric and chronoamperometric studies, and electrolysis reactions. The aqueous buffered solutions were made based on standard tables reported in literatures or websites. 1 For the desired pH values in this work, sodium hydrogen carbonate or sodium hydrogen carbonate/sodium carbonate buffer were used. The total concentration of buffers was 0.1 M to 0.2 M (see specific tables and figures for details).
Characterization of Products:
1 H and 13 C NMR spectra were obtained with Bruker Avance-400
MHz with residual solvent peaks or tetramethylsilane as the internal reference. Multiplicities are described using the following abbreviations: s = singlet, bs = broad singlet, d = doublet, dd = doublet of doublet, t = triplet, m = multiplet. High-resolution mass spectrometry (HRMS) was conducted using a Thermo Q Exactive TM Plus via (ASAP-MS) in the mass spectrometry facility at the University of Wisconsin-Madison.
Voltammetry and Chronoamperometry Experiments.
All cyclic voltammetric and chronoamperometric measurements were performed at room temperature using a CH Instruments Electrochemical Analyzer (CHI600E). The experiments were carried out in a three-electrode cell configuration with a glassy carbon (GC) working electrode (3 mm diameter), and a platinum wire counter electrode. The potentials were measured versus an Ag/AgCl reference electrode (all electrodes from BASi). The GC working electrode was polished with alumina powder (5 µm) before each experiment.
3. Electrolysis Reactors.
10 mL Reactions. The 10 mL electrolysis reactions shown in Table 1 were performed using a Nuvant Array PGStat. Bulk electrolysis experiments were performed in a 15 mL beaker, which will be used as the electrolysis cell. All electrolysis reactions were performed in aqueous solutions with the exception of water-insoluble substrates, in which case a mixture of acetonitrile and water
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was used for the reaction. A block of reticulated vitreous carbon, Ultramet RVC foam with pore size 20 PPI and approx. dimensions = 1.5 x 0.8 x 4 cm, was used as the working electrode and a spiral platinum wire as counter electrode (1 cm x 0.5 mm diameter). A copper wire was used for connecting the working electrodes to the potentiostat. The RVC electrode was connected to the copper wire using conductive silver epoxy. All applied potentials were recorded versus Ag/AgCl reference electrodes and for the controlled current electrolysis the working electrode potential was monitored versus Ag/AgCl. The immersed area of the RVC electrode (approx. 3 cm in length) was 48 cm 2 determined by a capacitance measurement and comparison of the charge passed with the RVC electrode relative to a glassy carbon disk electrode of known two-dimensional surface area.
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A magnetic stir bar (1 cm) was used and the reaction mixture was stirred (600 rpm) during the course of bulk electrolysis reactions. The components of the electrochemical cell before and after assembly are shown in the following pictures ( Figure S1 ). stir bar (1 cm) was used and the reaction mixture was stirred at 600 rpm during the reaction. The components of electrochemical cell before and after assembly are shown in Figure S2 . Figure S2 . The components of 70 mL electrochemical cell before (left) and after assembly(right).
1000 mL Reaction. The 1000 mL reaction was performed using a two-electrode configuration with no reference electrode. The configuration of the working and counter electrodes was the same as that used for the 100 mL reactor (see above). A 1000 mL jacketed cylindrical reactor was used as the electrochemical cell, a tubular RVC block (10 PPI) with 20 cm height, 9.5 cm outer diameter V vs Ag/AgCl for 1 mmol of S-12a in 10 mL Aqueous solution as described in Table 2 .
Product isolation and yield determination.

Compounds 2c and S-2c, 8c and 9c:
The liquid reaction mixture was transferred to a round bottom flack, and the RVC electrode was rinsed with water and the rinse solution was combined with the reaction mixture. The product solution was acidified with 2 M aqueous HCl until it reached pH 2. Then the product was extracted with ethyl acetate (three times). The ethyl acetate layer was dried by adding solid MgSO4. After filtration to remove the MgSO4, the ethyl acetate was removed under vacuum and the product yield was determined by NMR spectroscopy. The high purity of the extracted products was confirmed
S6 by 1 H and 13 C NMR spectroscopy using 1,3,5-trimethoxybenzene as an internal standard. The NMR spectra of the products are shown below.
Compound 4c
The liquid reaction mixture was transferred to a round bottom flack, and the RVC electrode was rinsed with water and the rinse solution was combined with the reaction mixture. The reaction mixture that contained acetonitrile was concentrated under vacuum to remove the organic solvent.
The reaction mixture was washed with ethyl acetate for twice (10 mL). The ethyl acetate phase was dried by adding solid MgSO4. After filtration of MgSO4 the ethyl acetate was removed under vacuum. The obtained solid (side product) exhibits HRMS and NMR data that matches the literature. 4 The identified side product was benzil and its yield was 6%. 
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Compounds 1c, 5c-7c
The liquid reaction mixture was transferred to a round bottom flack, and the RVC electrode was rinsed with water and the rinse solution was combined with the reaction mixture. The reaction mixture was washed with ethyl acetate for twice (10 mL). The aqueous solution then was acidified with 2 M aqueous HCl until neutralization of initially added sodium carbonate and sodium bicarbonate. 1.5 mL HCl 2.0 M was used considering the initial concentration of NaHCO3 and Na2CO3 (0.1 M each one) and the initial volume of reaction solution (10 mL). The solution pH was around 4 after neutralization of bases. The aqueous layer then was evaporated under vacuum.
The solid residue was washed with ethanol (30 mL). After filtration to remove the NaCl (that forms during neutralization of NaHCO3 and Na2CO3 with HCl), the ethanol was removed under vacuum and the product yield was determined by NMR spectroscopy. Malonic acid was used as an internal standard and the purity of the extracted products was confirmed by NMR spectroscopy. The NMR spectra of the products are shown below.
The ethyl acetate that was used for washing the reaction mixtures was evaporated and the solid residue (side product) exhibits HRMS and NMR data that matches the literature. 5 For oxidation of 3-pyridinecarboxaldehyde (5b) 6% of dimeric ketone was observed. 
Voltammetric Study of the Catalytic Reactions.
Cyclic voltammetry was used to study the catalytic reactions. As shown in Figure S6 , increasing the aldehyde concentration leads to an increase in the anodic peak current, reflecting oxidation of 4-pyridinecarboxaldehyde by ACT. . Solutions contained H2O/CH3CN (50:50), 1 mM ACT, 0.05 NaHCO3, 0.05 M Na2CO3.
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Chronoamperometric Study of the Catalytic Reactions.
Chronoamperometric experiments were performed by applying the potential associated with the ACT peak potential for 25 s. An increase in the oxidation currents of ACT in the presence of aldehyde (herein 4-pyridinecarboxaldehyde) is due to the catalytic oxidation of aldehyde by ACT.
The consumed charge in the course of chronoamperometric experiments ( Figure S9 ) was used to obtain the turnover number and turnover frequency. to the approximate steady state region between 3 and 25 seconds were used for the calculation.
Study of the pH Effect
The effect of pH on the reactivity of ACT and other TEMPO derivatives has been discussed in our earlier report. 7 Figure S10 demonstrates that under different basic condition no significant change is observed in cyclic voltammograms of ACT for all pH values. For example, a cathodic-to-anodic peak-current ratio of ~1 is observed, indicating the oxoammonium of ACT is stable under these conditions. Figure S11 and S12 show the enhancement in catalytic activity of ACT toward oxidation of aldehydes by increasing the solution pH. . Figure S12 . TOF of ACT towards the oxidation of benzyl alcohol and benzaldehyde (left) and 4-pyridinecarboxaldehyde and 4-pyridinemethanol (right) as a function of pH. Solution condition CH3CN/H2O (70:30). Change in pH was obtained by varying the ratio of the NaHCO3 to Na2CO3 electrolyte (total concentration 0.14 M) S14
Bulk Electrolysis Reactions.
Constant potential electrolysis. For constant-potential electrolysis, the applied potential was selected to be 50 mV higher than the anodic peak potential observed from a cyclic voltammogram of ACT under similar conditions. For example, when the anodic peak potential of ACT is 0.65 V (Ag/AgCl), an electrolysis potential 0.7 V was used for bulk electrolysis. The electrolysis was terminated when the current decreased to a value of less than 5% of the steady state current after beginning the reaction. Under the reaction conditions presented in Table 1 , a steady state current of approx. 60 mA was observed (see representative time course in Figure S13 ), and the electrolysis was discontinued when the current reached approx. 2 mA. The significant decrease (drop) in oxidation current indicates that the majority of substrate has been converted to the fully oxidized carboxylate product. For constant-current bulk electrolysis, the same experimental set-up was employed, but a 60 mA current was applied and the potential was monitored relative to a reference electrode. The electrolysis was terminated when the potential rose 0.4-0.5 V higher than the steady state potential observed during bulk electrolysis Under the reaction conditions described above, the steady-state potential was 0.55-0.65 V vs. Ag/AgCl, and the electrolysis was discontinued when the potential reached approx. 1.0 V. The average current efficiency observed under these conditions was approx.
80%. Therefore, for a two-electrode electrolysis (i.e., if the potential is not monitored during the electrolysis), the reaction should be terminated after approx. 2.4 F/mol. One example of constant current electrolysis is shown in Figure S14 . S37   0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200 f1 ( 
